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1. lNTROIILJC-I’ION

The dependence of total dose damage on dose rate for son~e
types of bipolar transistors has been \videly studied in recent
years [ 1 -6]. Although many device types exhibit this phcnon]-
enon, there is stili uncertairlty about the underlying nlechanism
and it is generally necessary to do radiation testing in order to
identify which devices are susceptible to enhanced low dose rate
(I;l,[)R) damage. I)evices  from some manufactures have no
sig,rlifjcant IjI,I)R damage, even though the circuit design and
device topology is nearly identical to that of other processes with
extreme l;l.IIR  effects. For example, Figure 1 compares the
geometry of substrate pnp input transistors from tw’o differmt
manufacturers with markedly different E1l.I)R  sensitivity. Al-
though the circuit topology is nearly the sanle, there are differ-
ences in the thickness and profile of oxides over the pnp enlitter-
base region.

Ibis paper examines the oxide properties of several differ-
ent device types, including three different devices produced by
one n]ajol-  manufacturer. “[’he  physical structure was cteterm inecl
by cutting in a direction normal to the surface, polishing the
exposed region, and then using a scarlning-electron  microscope
to examine the oxide and underlying silicon. “[’his process takes
on]y a few hour-s. I’here are clear differences in the oxide
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thickness and stractare of different devices that can potentially
be used to distinguish between processes w’ith high and low
[1[, [)l<effccts.

II. l: XI’I;RIMI:N3’A1.  R[:SLJII’S

~~lal I )ose ‘1’csts at 1 ,OW and 1 li&~_Dc3se  Rate

‘1 hrtx device types from Analog Ikvices  Inc. (AI)])  were
irradiated jvith cobalt-60 gamma rays at high and low dose rate.
A dose rate of 50 rad(Si)/s  was used for high dose rate testin:and
0.002-0,005 rad(Si)!s w’as used for Io;v dose rate testing.

(a) A1X52 Voltage-to-Freqaerlcy  Converter

MC A1)6S2 is a synchronous voltage-to-frequency (V/F)
converter \vitll typical linearity of 0.002 % precision. 311is
device has an internal 5 V reference \vhich a dcsignercan use for
high precision applications. Usually it is used to offset the
non inverting comparator input in the voltage-to-frequency mode.

‘Ibis  V/t’ converter is fabricated with a complementary
bipolar process using lateral and substrate pnp transistors. I’bis
device exhibited large differences in parametric degradation at
low and high dose rates, similar to that of other linear devices
produced by different manafactarers, hut not by most parts from
A1)I, which have shown little or no I;[I)R effects. I’IVO
parameters \verc affected: the internal refermce  voltage, as
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shown in Figure  2, and the voltage-to-frequency linearity which
showed much more degradation at a mid-scale voltage. Note
that extremely large voltage changes occurred (this part is
supposed to have 0.002 ?6 precision), even at high dose rate. At
low dose rate changes in reference voltage arc more than S times
greater.

(b) AD] PM 1 I 1/NSC LM1 I 1 Voltage Comparators

I’hc second device type, the AD1 PM 1 I 1 is a voltage
comparator and exhibits little or no enhanced damage effect.
The input bias current showed insignificant degradation as
shown in Figurc3. However, devices from National Scn~icon-
ductor Corp. LM 111 with nearly identical geometry (see Figure
1 ) showed severe degradation at LDR. The cross sections of
input pnp transistors for these devices are compared in the later
section.

1 ~~
o 5 10 15 20 25 30

Total Dose [kred(Si)]

Figure 3. l.Ml 1 I input bias current dc.gradation.
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Figure 4. AI)847  op-amp input offset \oltagc  degradation. [8]

Q&ide l’rom-tie~

l’hese device types provide an interesting mix oftechnolo-
gics with which to investigate oxide physical properties because
of the different \vaytheyrespondat  low dose rates. Samplcsfrom
each part were cut and lapped, and the cross section of their
respective oxides were examined with a SEM.

Figures 5(a) and 5(b) show the oxide structure of the two
I,M 1 I 1 substrate transistors with different EI.DR behavior (see
Figure 3). The thin oxide over base region is more than three
times as thick for the National device. In addition, the transition
contour is quite shallow. ~’hese same features appear in Figure
5(c) for the AD652, tvhich also exhibited a high ELDR effect,
even though it was from a process produced by a different
manufacturer.

[’ Ike Oiffusion
~“”

- -
- - - -  - - - - (

(c) AD847 Itigh Speed Op-Anlp
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The third device, AD847,  is a high speed, low power
) /

monolithic op-amp.  It is fabricated with a junction- isoiated Figure 5(a) A[)l PNI I I I}vith a gradual transition region

complementary bipolar (CB) process. }Io}vever,  the oxide
([0), t<l.1)1( q@V)

thickness of this device was about twice that reported for the
RB25 process [7], and the AD847 exhibited very different
behavior for high dose rate and low dose rate. Far more damage
occurred at high dose rate than at low dose rate. As shown in
Figure 4, extreme degradation occurred in input offset voltage at
very low total dose levels, indicating that the oxides in this
device are quite sensitive to interface charge trap buildup.
Unlike most Iinearbipolar devices, the damage annealed rapidly
after irradiation, even at room temperature. At low dose rate
very small changes occurred in input offset voltage, even at very
high total dose levels, This behavior is quite unusual in bipolar
linear devices, and has not been observccl in any of the recent
studies of such devices. l’igurc 5(b) NSC IM 1 I I ~vilh a sharp transition region
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(c) AlXrS2  V/}’ Con\ Lxbx M ith a sharp transitiml,

(f[igll [[[)R c~[i,ct)

(d) AIYS47 op-nmp wi[h a \cry  small transition.
(Iv,) 1:[,[ )1< ,fllcl)

I’igarc 5, l’ollrdiflcrctll  rcgiclrls hctwccnthc  bascdift’asion a n d
thick isolaticmmidc.

I’he oxide  strwctarc  of the AI)847  is qaitc di f ferent ,  as
shmvn in Fi.gare 5(d). l’his is a different process, ~vith thick
oxide over both the base cliffasion  (pap emitter) and collector
region. It behaves more like aCh40Sprocess,  with relatively
rapid annealing at room temperature. Note that the R[125
process, another complementary process from the same nlanu-
factarer,  was very sensitive to dose rate effects [7], in contrast to
the “reverse” behavior of the A1)847,

Frp[

thermally grown overthe base (pnpetnit[er)at the end of the base
diffasicm  process; and (2), the contour of the transition betjveen
tlletl~ick  isolatiorl  oxidcatld ttleoxicle o\'crt}le base rcgioll. I’be
oxide structare  of a number ofclevices has been examined in this
w’ay. “I’heresalts  aresun~n~arimd inl’able  ]. I’he transition ratio
isdefineci  as the height of the midpoint of the base midetothe
!JO%bcight  ofthc isolation oxide assho}vn  in i;igare6.  ‘[’he
other dcvicetypcs Ivith large Ii I.I)R effect, appcartcrhave  similar
~~ro~~erties, everlt}loltgll they are prodaced}vith different pro-
cesses. Note, tllatcle}fices frorlltl~rcc  differerlt t~~ar~Llfactllrers  are
incladed in thetab]e.  It can be clcarlyseca  that devices  ivith a
snlalltransitio nrationla  chlcssthan  1 didllot  exhibit ar~y III,l)R
eflect. }Io}vever,  devices lsith transition ratios greater than I
observecl  l: I,[)R  effect. ‘I’he AI)l c)} ’~~~\YlliCll  LISeSJ};  [; ’l’iIlpLltS

and a different process hasthc sharp transition between oxide
layers showui  an extreme 1.I)R sensitivity and the transition
ratio was the largest valae.

Ill. l)lSCLJSSION

Ilased on these malts, two features appear to be important
in determining sensitivity todose-mte effects in these lypcsof
pap stractares: (1) the thickness of the thinner oxide that is

‘Ibis  paper shows that there are important differences in
oxide stractare that appear to correlate \vith the sensitivity of
thcscdcvices  todose-rate  effects. “I’hcshalloiy  transition prob-

1 heably occurs because of a diffmnt etching technology. “’”

‘Iahlc  1. (Jxi(icl:c:il(lrcsallci Iil)l< Scasi(i\il} ot-Scvcriii Iincar IIipolarllcficm
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